Background. Evaluating the impact of nutrition interventions on developmental outcomes in developing countries can be challenging since most assessment tests have been produced in and for developed countrys ettings. Such tests mayn ot be valid measures of children'sabilities when used in an ew context.
Conclusion.
Following the methodological principles we present resulted in tests that were appropriate for childreni nL ombok and informativef or evaluating the developmental outcomes of nutritional supplementation in the research context. Following this approach in futures tudies will help to determine which interventions most effectively improve child development in developing countries.
Thee xtentt ow hich nutritionals upplementation programmes cani mprove developmental outcomes in developing countriesi sa ni mportant topic of ongoing research 2 007) .H owever,f ew developmental assessment tests have been produced in and ford eveloping country settings. Tests produced and standardized in one language,c ulture, and setting cannot be assumed to be valid in a setting that is different from that of the originalt arget population (Greenfield, 1997; Rogler,1 999 ; van de Vijver &T anzer,1 997). Fore xample, children'st est performance can depend on their familiarity with the test format (Greenfield &C hilds, 1977) and materials (Serpell,1979) . Such familiarity levels may be quite different forchildrenwho grow up in different cultures and contexts.
Although cross-cultural researchh as demonstratedt he importance of taking contextual differences into account, many nutrition studies in developing countries have usedstandard tests with minimal adaptation or evaluation on the local population (Cao et al.,1 994; Caulfield, 2004; Hamadani et al.,2 002; H usaini, Karyadi, Husaini, Karyadi, &P ollitt,1 991; O'Donnell et al.,2 002; Soewondo, Husaini, &P ollitt, 1989; Whaley et al.,2003) . One challengetoconducting this type of adaptation is the lack of a published systematica pproach to adapting and evaluating tests foru se in different contexts. We aim to address this gap by presenting methodological principles fort est adaptation and evaluation in areas where standard tests do not exist.
In addition to test adaptation ande valuation, test selectioni sa nother important methodological step that influencest he conclusionst hatc an be drawnf romn utrition research.T hisp aper aims to promotei mproveda ssessmento ft he developmental outcomes of nutrition interventionsindevelopingcountriesbypresentingmethodological principlesfor test selection, adaptation,and evaluation.W ethenreportthe applicationof thesep rinciplest oa ssesst he developmentalo utcomeso ft he Supplementationw ith Multiple Micronutrients Intervention Trial( SUMMIT;S UMMITS tudyG roup,2 008) on theI ndonesiani slando fL ombok. SUMMIT wasd esignedt oc ompare thee ffects of a maternal supplement containing iron andf olica cidt oamultiple micronutrient supplement containing 15 vitamins andm inerals. 1 Thec hildreno fasubset of SUMMIT participantswereassessed on abattery of developmentaltests at age42monthsinorder to measuret he relativee ffects of thet wo maternals upplements on subsequent child development. Themethods fordeveloping theassessmenttests arereportedhere.
First, we argue that test selection, adaptation, and evaluationa re important methodological steps to ensure that test scores are informative, appropriate, and valid measures of children'sabilities in developing countries. The principles fortest selection aim to ensuret hat the tests are maximally informative to clarify our understanding of nutritional influences on child development.T est adaptation is important so that the tests are appropriate fort he local population. The principles fort est evaluation aim to establish that the adapted test scores are reliable and valid measures of children's abilitiesint he local context.
Te st selection
To clarify,t he effects of undernutrition on child development, tests assessing specific developmental abilities and cognitive functions should be selected (Connolly &Kvalsvig, 1993; Horowitz, 1989; Hughes &Bryan, 2003) . Many nutrition studies have used global tests of development or intelligence, such as the BayleyS cales of Infant Development (Bayley, 1 993) or measures of ad evelopmental quotient (DQ) or intelligence quotient (IQ; Benton, 1992; Black et al.,2 004; Castillo-Duran et al.,2 001; Gardner et al.,2 005; Hamadani et al.,2002; Hsueh &Meyer,1981; Lind et al.,2004; Lozoff et al.,1987; Seshadri &Gopaldes, 1989; Southon et al.,1994; Zhou, Gibson, Crowther,Baghurst, &Makrides, 2006) .W hile these global measures may be useful, especially fora ssessing development in early infancy when distinct cognitiveabilities are difficult to measure separately, assessing specificabilities provides several advantagesover global assessments.
First, performance on global tests often depends on an umber of lower-level cognitive abilities. For example, performance on an IQ test probably depends in parton the abilityt of ocus and sustain attention, working memoryc apacity,s peed of information processing, reasoning ability,and executive function. The demonstration of any effects of anutrition intervention on an IQ scorewould not indicate which lowerlevel ability or combination of abilities might have been specifically affected. Conversely, al ack of an effect on an IQ score does not necessarily mean that all cognitive components are intact,p articularly since childrenm ay be able to compensate for deficitsino ne area of abilityw hile carrying out amoreg lobal task.
Second, nutrition is only one of ahost of biological and environmental variables that influence children'sd evelopment (Deater-Deckard &C ahill, 2006) ; thus, the effects of nutrition interventions might be quite subtle. Tests assessing specificabilities are more likely than global assessments to detect the potentially subtle cognitive changes that might follow nutritional supplementation (Hughes &B ryan,2003) .
Third, assessing specific abilities may help to clarify the effects of nutritional deficiency on brain development and the cognitive capacities that emergea sv arious areas of the brain mature (Hughes &B ryan,2 003). Throughout foetal development, infancy,a nd childhood specific areas of the brain develop at different rates during different periods of time. The abilities affected by nutritional deficiency may correspond with the brain areas that are developing at arapid rate during the period of nutritional deprivation. Assessing specific rather than global abilities allows inferences concerning which periods of development and brain areas are specifically vulnerable to nutritional influences. It may also shed light on the biological mechanisms through which nutrition affectsc hild development.
Te st adaptation
When adapting tests that originate in developed countries foru se in developing countries settings, it is important to consider what aspects of the tests must be adapted and what modifications might be necessary to increase test appropriateness. Based on our review of the literature, we identified four aspects of tests that must be adapted: the test items,materials, instructions, and procedures.
First, the items in the test might not be relevant to the target culture, thustheymay not measure the underlying construct theyw ere designed to measure (Rogler, 1 999) . Traditional child development scales, such as the Bayley Scales of Infant Development, illustrate this problem. Such scales are based on the attainment of behavioural items in a normative sample of children in the countrywhere the test originates. For example, the typicalA merican child learns to squat after learning to crawl and stand. However,t he order of attainment of these milestones may differinother cultures. In Bali, crawling is explicitly discouraged because it is considered animal-like. Balinese children learnt o squat as theyprogress from flexible movement on all fourstositting then squatting and standing (Super, 1 981) .W hile the failure of an American child of ac ertain ageo na crawling item would indicate delayed motordevelopment,the failure of aBalinese child at the samea ge might not give the sameindication.
Direct translationo ft esti tems into an ew language cana lsob ep roblematic.F or example, av ocabularyt esti nE nglish andS panish with itemsm atched form eaning (directlyt ranslated) yieldedd ifferentm eans ands tandardd eviationsf or twog roupso f students matchedongrade,age,sex,and academic achievement. However, when theitems were matchedonfrequency of useratherthanmeaning,the twoversionsyielded similar meansa nd standard deviations in both languages ( Tamayo, 1 987) .A daptingt he items based on language-specific criteria,thatisfrequency of useineachr espectivelanguage, resulted in measures of vocabulary knowledget hatw erea ppropriatef or each linguistic group. This type of adaptation canb ep articularlyc hallenging in developing countries wherep ublished frequencyn orms (and otherl inguistici nformation) aren ot typically available. Thus,adaptationoflanguagetestscan requireextensive surveys andpiloting.
Second, test materials must be adapted to the local setting, since children's performance on atask can depend on their familiarity with the materials theyare asked to use. The performance of British and Zambian children on afi gurec opying task illustrates this point. Using paper-and-pencil, British children, who were familiar with drawing and colouring, scored higher than Zambian children. On the other hand, Zambian children, whowere familiar with making wire models, performed better than British children in copying wire figures. The children performed equallyw ell reproducing models in plasticine, play material familiar to bothgroups (Serpell,1979) .
Third, test instructions must also be considered when using atest in anew context. For instance, modified instructions were required to use aPiagetian conservation task in Senegal (Greenfield, 1997) . In the originalt ask, the tester transferred water from a shorter,fatter glass to alonger,thinner one then askedthe child if the quantity of water was more,less, or the same.When the tester asked the follow-up question 'Whydoyou think it is the same (or more or less)?' unschooled Senegalese children did not respond. When she instead asked 'Why is the water the same (or moreo rl ess)?' the children responded with articulater easons fort heir judgments.G reenfield (1997) argued that these children didnot make adistinction between their own thoughts about something and the thing itself. Thus,t heir poor response performance using unadapted instructions didn ot reflect their true ability to provide reasons fort heir judgments.
Fourth, unadapted procedures can also lead to inaccuratea ssessment of children's abilities. Multiple choices are ac ommon testing format in many formal education systems. Whent his format was used with Zincantecan Mayan children in ap attern continuation task, theyw ere visibly confused and performed poorly.H owever,w hen the patterns were presented as coloured sticks in aw ooden frame and childrenw ere asked to continue the patternbyfilling the frame with additional sticks, childrenwere able to performt he task (Greenfield &C hilds, 1 977) . Their confusioni nt he multiple choice test was not due to their inability to performt he task but rather to their unfamiliarity with the testing procedure.
As these examples illustrate, the valid assessment of children'sabilities in developing countries requires the careful adaptation of test items, materials, instructions, and procedures to the target culture, language,a nd setting. The goal in this type of test adaptation is to assess the same underlying abilitya st he originalt est in aw ay that is appropriate in the local context. This is similar to the etic/emic approachi nc rosscultural psychology in which an etic (universal) construct is identifiedt hen emic (culture-specific)w ays of measuring this construct are developed and validated (Davidson, Jaccard, Triandis, Morales, &D iaz-Guerrero, 1976) .
Te st evaluation
Once standard tests have been modified, theymust be evaluated forthe target population, since the test properties associated with the originalv ersion of the test cannot be assumedt oa pply to the modified version. Tests can be evaluated fors everal types of statistical properties that demonstrate their reliability,validity,and usefulness (Abubakar, Alcock, &Holding, 2008) . First, the distribution of scorescan be examined in order to determine the discriminatorypower of the tests. If atest exhibits ceiling or floor effects then it is unable to distinguish between childrenw ith differing abilities. Second, testretest reliability can be measured to determine whether or not at est score is as table measure of achild'sability.Thisinvolves testing agroup of children at two time points and examining the correlation between the scores. Third, high inter-rater agreement, which is the agreement between two testerss imultaneously scoring the same testing session, demonstratesthat there is little chance forerror in test scores due to scoring error.Fourth, internal consistency can be measured, usuallywith Cronbach'salpha, providing evidence that all of the items in at est measure the samec onstruct. Fifth, evaluation of the developmental sensitivity of the tests should demonstrate that test scores increase with age. Finally, test scores should show expected patterns with variables theorized to be related to them (convergent validity) and not related to them (discriminant validity).
These principles fort est selection, adaptation, and evaluation werea pplied in Lombok to assess the developmental outcomes of SUMMIT.T est adaptation and aspects of test evaluation were accomplished throughaseries of pilot tests.T he pilot testing phase was followed by the data collection phase, during which the finalized batterywas administered to the main cohorto fS UMMIT children. We expected that the careful selection and adaptation of the tests would result in tests that demonstrate ahigh level of discriminatory power,d evelopmental sensitivity,t est-retest reliability,i nter-rater agreement, and internal consistency,aswell as convergent and discriminant validity.
Methods

Research site
Lombok is an island in the NusaT enggara Barat provinceo fI ndonesia. It is comprised of three administrative districts (East, Central, and West Lombok),a ll of which were includedi nt he present study,a sw ell as the capital city of Mataram, which was not included.M ost of the 2.7 million inhabitants of Lombok are ethnically Sasak. Diverses ocio-economic and living conditions exist throughout the island.W ealthier families live in brick housesw ith televisions and satellite dishes while poorer families live in bambooh uts without electricity or running water.H ouses are usually situatedv eryc lose to each other,w ith shared walkways and yards where adults and children spend much of their time congregating with other membersofthe community.
Lombok is also quite diverse linguistically.S asak, the principal language,i s traditionally classified into fived ialects (Syahdan, 1996; Teeuw,1 951) , however, substantially more dialect variation seems to exist. Sasak speakerstend to identify their dialect with their particular villageo rn eighbourhood and phonological, lexical, and grammatical idiosyncrasies can be found from one villaget oa nother (Jacq, 1998) . Most adults and schoolchildren also speak Indonesian,w hich is the official national language of Indonesia and is the medium of academic instruction from primaryschool to university,aswell as the language of government, public meetings, and the media.
The literacy rate in Lombok among adults (age 15 and over) was 72.8% in 2004 (KerjasamaB APPEDAP rovinsi NusaT enggara Barat dengan Badan Pusat Statistik Provinsi NusaT enggara Barat, 2004) .Among the pregnantwomen who participated in SUMMIT ( N . 30; 000), 12% had never been to school, 49% had 1-6 years of education, 21% had 7-9 yearso fe ducation, and 15% had 10 or morey earso ff ormal education (SUMMIT Study Group, 2008) .
Thus, the living conditions, linguistic situation, and education levels in Lombok are quite different from most developed countries, where developmental assessments originate. All of these factorswere taken into account when selecting and adapting the developmental tests foru se in Lombok.
Participants
During the piloting phase, 167 children (90 girls) age3 0-55m onths in 15 villages across East, Central, and West Lombok participated in as eries of pilot tests fort he purposeoftest adaptation. An additional 83 children (45 girls) age39-45months were then tested fort he establishment of test-retest reliability.A na dditional 50 children (21 girls) age2 2-50 months were then tested on as ubset of the tests that were modified during reliability testing to assess the developmental sensitivityofthese tests.
During the data collection phase, 487 children of SUMMIT participants (231 girls) were tested on the finalized test battery. Thesechildrenweretested within 3weeks of the date on which theywere 42 months old. To distinguish these children from the pilot test participants,theywill be referred to as the main cohortofS UMMIT children.
Alltesting wasconducted at thehomes of theparticipants. At each visit, thepurpose of theresearchwas explainedtoaparent or caregiver, whoindicated theirconsent fortheir childtoparticipate by signinganinformed consentform.Children indicatedtheir assent by theirwillingness to participate in theactivities. Ethicalapprovalfor theinformed consent andr esearchp roceduresw as obtained from theL ancaster University Psychology DepartmentEthical Committeeand theMataram UniversityEthical Research Committee.
Procedure
Test selection
Our goal in test selection wastochooseabatteryoftests assessing specificabilities that develop during early childhood and are likely to be sensitive to nutritional influences.
Researchinmaternal and child undernutrition in humans and animals suggests possible effects on motor development (Gorman, 1995) ,language development (O'Donnell et al., 2002; Pollitt,1 993) , and non-verbal cognitive development, including visuospatial ability,a ttention, and executive function (Hughes &B ryan, 2003) , as well as socioemotional development (Black, 2003; Strupp &Levitsky, 1995) .Tests that assess each of those domains werec hosen, focusing on tests that (1) are appropriate for3 -year-old children, (2) are well-established and widely used, (3) do not requirespecial equipment such as computersorr ecording equipment, (4) do not require verbalresponses, since children in Lombok were likely to be shy,and (5) are brief to administer and objectively scored, that is do not require subjective judgments or ratings from the testers. The tests that were selected and piloted are presented in Table 1and described in detail below.
Testers
Four universityg raduates were recruited and trained to administer the developmental tests. All testerswere native speakersofS asak and also fluent in Indonesian.
Manuals and forms
Test instructions and procedures were translated from English to Indonesian.S ince Indonesian is the medium of academic instruction, the testerswerem orec omfortable readingand writing Indonesian than Sasak; therefore, the testing manuals were written in Indonesian.However,since Sasak is the predominant spoken language in Lombok, all testing sessions were conducted in Sasak, including test instructionsand presentation of stimuli. To ensure uniformity in test administration, test instructions and items were printed on the testing formsinSasak. To account fordialect variation across the island, instructions were translated into the main dialects of five areas of the island (North, West, Central, South, and East Lombok) and fivet ypes of formsw ere printed.A st he instructions and procedures werem odified based on pilot test results,t he testing manuals and the instructions printed on the formswere revised accordingly. 
Test adaptation
Our goal in test adaptation was to develop tests that assessed the same underlying ability as the originalt ests in ways that were appropriate forc hildren in Lombok. To test the same ability,t he instructions and procedures were adapted so that theye licited the target behaviour. To establish cultural appropriateness, the items and materials were adapted to the language,c ulture, and testing conditions in Lombok. This adaptation wasaccomplished through aseries of 10 pilot tests. After each pilot test, each test was either eliminated from the test set, modified and included in the subsequent pilot test, or confirmedf or inclusion in the test set withoutf urther modification. This decision was based in parto nd iscussion of the practical aspects of the test sessionb etweent he testersa nd their supervisor.T his decision was also based on some aspects of test evaluationw hich were conducted in parallel with the test adaptation process and informeds omeo ft he adaptations that were made to the tests. Fore xample, after each pilot test, the resulting distribution of scoresw as examinedt oe valuate discriminatoryp ower.A ny test with an egativelys kewed distribution was modified to make the test more difficultand,conversely,any test with a positivelys kewed distribution wasm odified to make it easier.F or some tests, such as the Sentence Complexity Scale, the developmental sensitivityo fe ach item was used to determine which items to retain or eliminate. The adaptations that werem ade to each test based on pilot data are discussedi nmored etail below.
Test evaluation
After the completion of test adaptation, two rounds of reliability testing were conducted.I ne ach round, each tester administeredt he test batteryt oag roup of children twice,with 1week separating the two test sessions. The Pearson'scorrelation between the first and second testing was calculated. Tests forw hich r , : 7i nt he first round of reliability testing were revised to further standardize test administration and subsequently evaluated in the second round of reliability testing. The ageo f participants was restricted to 39-45months (within 3months either side of the target agef or the main cohort). At the endo ft he data collection period, each tester was also assigned to revisit ag roup of participants (from the main cohort) to ensure that the tests were administered consistently throughout the data collection period.
The tests that were modifieda fter the first round of reliability testing were administered to an additional group of children age2 2-50 months to evaluate developmental sensitivity. For the tests that were notm odified, developmental sensitivityw as evaluated based on the pilot data from the final version of the test.
To evaluate inter-rater agreement, two testersv isited ag roup of children (from the main cohort), with one tester administering and scoring the tests, while the second tester independentlys cored the child'sp erformance and recorded the parent's responses. Agreement was considered sufficient, if the per cent of items scored identically by the two testerswas greater than 90%.
Discriminatoryp ower,i nternal consistency,a nd convergent and discriminant validityw ere evaluated on the full set of data from the main cohort.
Description of tests and context-specific modifications
Here, we describe the tests that were chosenfor pilot testing, presentedinT able 1, and the modifications that were made to adapt the tests to the local context according to the principles and procedure described above.
Motor development
The motorassessment wasdeveloped by selecting age-appropriate fineand gross motor items from the Bayley Scale of Motor Development (Bayley, 1 993) and the Ages and Stages Questionnaire (Schaefer &D iGeronimo, 2000) . Items were adapted using materials familiar to childreni nL ombok. Fore xample, since fewh ouses in Lombok contain stairsorstore-bought toys, we replaced items assessing achild'sability to climb stairsw ith the item 'Climbs on to at errace 50 cm high' and we used ar ope made of rubber bands strungtogether rather than astore-bought jump rope.The originalversion of the test resulted in anegativelyskewed distribution of scores, therefore several higher difficulty items were added. The fine and gross motor scoreswere the total number of fine and gross motori tems,respectively, that ac hild performed successfully.
Language development
Twol anguage tests were selected: aP ictureV ocabularyT est assessing receptive vocabularyknowledgeand aSentence Complexity Scale measuring expressive sentence complexity,b ased on parent report.
Picturev ocabularyt est. This test was based on the British Picture VocabularyS cale (Dunn, Dunn, Whetton, &Burley, 1997) ,which has been successfully adapted forother developing countrysettings (Holding et al.,2004) .The child was shownfour pictures and asked to point to the picture that matched the word spokenb yt he tester.T od evelop the target items, 65 Sasak words were chosen, comprising 40 nouns, 15 verbs, and 10 adjectives. Most of these target words were confirmed to be used in 107 villages throughout Lombok, based on apreviously conducted dialectsurvey(unpublished data). For each target item, ap honological distracter,as emantic distracter,a nd an unrelated word were chosen, all of the same grammatical class as the target. Al ocal illustrator produced colour drawings of these target and distracter words.B ased on several pilot tests, some items wereeliminated due to ceiling effects or variation across dialects forthe target item. Several items were also revised (i.e. pictures redrawn) to increase their clarity. The resulting test included 52 items, 2p ractice items and 50 test items, which were arranged in order of difficulty based on the pilot results.All items wereadministeredto everychild. The score wasthe numberofcorrectly identified items.
Sentence Complexity Scale. This test was based on the McArthur Communicative Development Inventory-Level III (Dale, Reznick, &T hal, 1998) . Forh alf of the items (items 1-12), the parent wasg iven two example sentences, one comparativelym ore complexthan the other,and asked to choose which one more closely resembled his or her child'sspeech. To develop these items, 2hof spontaneousspeech was recorded and transcribed from 6c hildrena ge 39-50m onths. We examined the type of construct in the English items and lookedf or ac omparable example of child speech in the Sasak transcripts. Fore xample, the English item: 'Don't read book/Don't want you read that book'was changed to 'Tas te kadu/Tas te kadu jauq robot' which means 'I'm using my bag/I'm using my bagt oc arry ar obot'. 2 Items 13-24, which consisted of questions concerning the child'sword use or conceptual ability, were simply translated into Sasak.
Based on pilot testing, three items were eliminated due to ceiling effects and six items were eliminated that did not correlate with the child'sage (in months). We also modified the instructions to increase their clarity by adding ac ontextt ot he examples of child speech. For example, when interviewing the mother,wewould say: 'Whatifyour child wanted anew shirt, what would she say to her friend?"Iwant anew shirt" or "I want my mother to buy me anew shirt"'. Sixteen items wereretained in the final test; these items were summedf or at otal score.
Non-verbal cognitive development Visuospatialability. Visuospatial ability was assessed by aBlock Design Test, in which the child was askedt ocopyashape using wooden blocks (Elliot, 1996) . Thistest was developed based on two standard tests: the British Abilities Scale (BAS; Elliot, 1996) and the Wechsler Preschool and PrimaryS cale of Intelligence-Third Edition (WPPSI-III; Wechsler,2 002). The BAS items, which use plain uncoloured blocks, were more appropriate forc hildren in Lombok than the red and white plastic blocks usedi nt he WPPSI-III. However,t he method of the administration from the WPPSI-III was more suitable. This test allowsf or asecond attempt to build the design if the child does not succeed within 30 so nt he first attempt. The chance forasecond explanation and demonstrationf or each item improved children'sp erformance and the time limit increased the efficiency of test administration. Aftervarious modifications based on the distribution of scores from several pilot tests, the final test consisted of the BAS items 1-7. The childrenw erea llowed as econd attempt on items 1-4 only.C hildren scored two points fors ucceeding on the first attempt and one point fors ucceeding on the seconda ttempt. Theirt ime to successfully build each design wasa lso recorded. Their scoreso ne ach item were summed foratotal score and their averaget ime per correct item was also calculated.
Attention. AV isualS earch Test wasd eveloped basedo nt he Developmental Neuropsychological Assessment (NEPSY) visual searchs ubtest ( Korkman, Kirk, & Kemp, 1998) . In this test, the child is shown an array of picturesand is asked to circle everyinstance of atarget picture. Thistest measures the child'svisual focus and ability to inhibit distracters. Eachdrawing on the NEPSY stimulussheet wassubstituted with a locally drawn picture that was more appropriate forchildren in Lombok. For example, a picture of abunny was replaced with apicture of achicken. Based on pilot testing, the procedures of the test weremodified such that the child pointed to each instance of the target picture and the tester circled each picture indicated by the child. Twotrials were administered; both accuracy and time were recorded fore ach trial. The scorew as calculated as the number of hits (numbero ft argets correctly indicated)m inus the numbero f false alarms (numbero fd istracter picturesi ncorrectly indicated). Each child'sa veraget ime per correct item wasa lso calculated as the total number of hits divided by the time to complete the task.
Executivef unction. Fivet ests of executive function were piloted and two were retained in the batteryu sedf or data collection.
In the Knock and TapT est, the child and the tester played ah and game requiring inhibition of automatic responses. Children were required first to imitate the tester, either knocking on the floor with their fist or tapping with their palm. Then children were instructedt ok nock when the tester tapped, and vicev ersa (Korkman et al., 1998) .T hist est wasp iloted with various modifications,f or example, using as imilar game with hand shapest hat were more familiar to childreni nL ombok. However,t he children were largely reluctant to play any sorto fh and game, such that the test resulted in very low scores fors ome childreno rw as impossible to score foro thers. Therefore, this test was eliminated from the test batterya nd was not administered to the main cohort.
In the Tower Test, the child was invited to help the tester build atower with wooden blocks and wasscored on his or herabilitytotaketurns with the tester (Carlson,2005; Kochanska, Murray,Jacques, Koenig, &Vandegeest, 1996) . Many children were veryshy and therefore reluctant to put blocks on the tower even when it wastheir turn. This test also resulted in lows cores or missing data, thus was also eliminated.
In the BlockSorting Test, children were first askedtosortbig blocks into abig bucket and small blocks into asmall bucket. The tester then reversed the sorting rule (put big blocks into the small bucket and vice versa; Carlson, 2005; Carlson, Mandell, &Williams, 2004) .S cores on this test weren egativelys kewed. We tried several modifications to increase its difficulty,including introducing multiple switches between sorting rules and sorting according to colour rather than size. The version of the test in which children sorted according to colour then against colour (put the blue blocks in the red bucket and the red blocks in the blue bucket) resulted in the best distribution of scores. The score on this test was the number of blocks (out of 12) placed in the correct bucket after the sorting rule was reversed. Thist est was retained fore valuation of test-retest reliability and developmental sensitivity then subsequently eliminated from the test battery( see below).
In the Snack Delay Test, the tester placed as nack under ac lear cup and told the child to wait until she rang ab ellb efore taking the snack (Carlson, 2005; Kochanska, Murray,&Harlan, 2000) . After ab rief demonstration,f our trials were administered with delays of 5, 15, 30, and 45 s. If the child took the snack before the allotted time, the trial wass coreda safail and the amounto ft ime the child waited before taking the snack was recorded. Based on pilot testing, this procedure was modified in two ways. First, since use of ab ell was unfamiliar to children in Lombok, theyw ere instead instructed to wait until told before taking the snack.M ost children scored at ceiling on this version of this test. The second modification, to maket he test more difficult, wast op lace the snack in the child'sh and and instruct him or her to wait until told before eating it. Thisp rocedure resulted in ab etter distribution of scores. The scoreo nt his test was the numbero ft rials on which the child succeeded. The averagea mount of time the child waited before eating the snack across the four trials was also calculated.
In the Windows Test, the tester placed at reat inside one of two boxes,e ach of which had aclear window through which the child could see the treat. The child was first instructed to point to the box with the treat in order to obtain the treat. After several trials, the rule was reversed and the child was instructed to point to the box withoutt he treat in order to obtain the treat (Russell, Mauthner,S harpe, &T idswell, 1991) .S everal versions of this test werep iloted, with various numberso fp reswitch trials (point to the box with the sweet)and switchtrials (point to the box without the sweet). In the version that resulted in the best distribution of scores, the child was given two pre-switcht rials and six switcht rials. The score was the number of correct switcht rials out of six.
Socio-emotional development
A Socio-Emotional Development Scale was developed, based on the Brief Infant-Toddler Social and Emotional Assessment (BITSEA; Briggs-Gowan&Carter,2 002). In this test, the child'sparent or another caregiver rated 42 items probing specific aspects of the child'sb ehaviour on as cale from 0t o2(0 ¼ not true/rarely,1¼ somewhat true/sometimes, 2 ¼ very true= often). The BITSEAi tems were translated into both Indonesian and Sasak, then examples werea dded fore achi tem to further explain and clarify their meaning. Item surveys were then conducted with motherso fy oung children to answer two questions:first, was item clearly understoodbythe respondents, and second,w as the behaviour being investigated appropriate to the local culture. Surveyp articipants were asked whether theyc onsidered the behaviour in each item good, bad,o rn either good norb ad.T heyw ere then asked to give reasons fort heir judgments, and based on their reasons, we determined whether or not theyh ad understood the intendedmeaning of the item and re-explained the meaning if necessary. Participants were allowed to changetheir answer (good, bad, or neutral) based on their new understanding of the item. The wording and examples that resulted in accurate understanding weren oted and the formsa nd manuals were revised accordingly.T en items forwhich more than seven women (28%ofr espondents)did not agree with the intendedc lassification of the item (as good or bad)w ere eliminated. Three additional items were eliminated based on piloting due to apparent confusion in some respondents or lack of variability in responses. Following the BITSEA, a competence score was calculated as the sum of the competence item ratings and a problem score was calculated as the sum of the problem item ratings.
Analysis and results
Te st-retestr eliability
The test-retest reliabilities reported in Table 2r epresent the combined data from the reliability testing at the beginninga nd at the end of the period of data collection from the main cohort. 3 Reliability coefficients were greater than .7 fora ll of the test scores except the Visual Search, Block Sorting, and Snack Delay Tests. The level of reliability that is considered sufficient ranges generally from r . : 7to r . : 9 (Cohen &Swerdlik, 2005; Kline, 1993) ;however,this standard depends on the type of test and the purpose forwhich the test is being used. In the case of developmental tests, it is not entirely clear what level of reliability is sufficient. Unlike,for example, the measurement of the length of ar oom, test scores at differentt ime points might varyd ue to reasons other than measurement error (Murphy &D avidshofer,1 988). Specifically,t he attribute being measured may actually changei nt he intervening time period or the experienceo f having taken the test previously may changeachild'struescore. For example, aparent may notice which items achild failed to identify correctly on avocabularytest and teach those words to the child before the second test session. Similarly,afterobserving aSnack Delay Test, ap arent may speaks ternly to ac hild about eating the snack before being told, which could lead to improved performance at the second testing. Although the reliability coefficients forthe Visual Searchand Snack Delay Tests didnot quite reach .7, evidence from the other statistics associated with these tests (e.g.relationship with the child'sage and the mother's education, reported below) suggests that these are valid and useful measures even though test-retest reliability wass lightly lower than expected. In contrast, fort he Block Sorting Test, test-retest reliability was relativelyl ow ( r ð 44Þ¼: 514, p , : 001) and the correlation with agewas non-significant(r ð 24Þ¼: 236, p ¼ : 246). These two results together suggested that this wasn ot an optimal test; therefore, it waseliminated from the test batteryand was notadministered to the main cohort. In general, the high test-retest reliability of the tests demonstrates that they were stable measures of children'sa bilities.
Inter-rater agreement
Inter-rater agreement was greater than 90% fora ll test scores except the averaget ime per correct item on the Block Design Test (Table 2) . Thisscorewas timed independently by the two testers; thus, small discrepancies may be expected. Indeed, the differences between the times were small and the time per correct item scoresfrom the two testers correlated strongly with each other ( r ð 7 Þ¼: 990, p , : 001). The high inter-rater agreement demonstrated that there was little chance fore rror in test scoresd ue to scoring error.
Internal consistency
Cronbach'sa lpha was calculated fort he data from the main cohorto fS UMMIT children. a . : 7w as considered to demonstrates ufficient intercorrelation between test items, suggestingthat all items in the test measured the sameconstruct (Nunnally, 1978) .S ince the Visual SearchT est consisted of only two items, the internal consistency wasc alculated as the correlation between the two items, rather than Cronbach'sa lpha. Cronbach'sa lpha was greater than .7 fora ll of the test scores except the fine motor score and the Socio-EmotionalS cale scores ( Table 2) . The low internal consistency fort he socio-emotional scores wasc onsistent with the expectations of the authors of the original instrument. The BITSEA items wered rawn from many different subscales of the Infant-Toddler Social and Emotional Assessment, thus, were not expected to correlate highly with each other (Briggs-Gowan&Carter,2 002). The criteria that alpha should be greater than .7 was not relevant fort he Visual Search Test, since the internalc onsistency represents the correlation between the two trials, rather than Cronbach'sa lpha. The correlations between the two trials forb oth the score and the time per correct item were significant ( p , : 0001). In general, the high internal consistency of the tests providede vidence that the items in each test measured the samec onstruct.
Developmental sensitivity
Developmental sensitivity was evaluated by calculating the Pearson'sc orrelation between the test score and the child'sa ge in months based on the pilot data fort he final versiono fe ach test. Thism easure was evaluated using pilot data since ag reater rangeo fa gesw as represented compared to the participants in the main cohorto f SUMMIT children (all of whom were tested within 3w eeks of 42 months).
All test scores correlated significantly with agee xceptt he Block Sorting Test (which was eliminated from the battery; see above) and the socio-emotional competencea nd problem scores ( Table 2 ). The lack of correlation fort he socioemotional scores was consistent with the results of the agea nalysis on the original test, which compared scores between four groups of children: age1 2-17 months, age 18-23m onths,a ge 24-29m onths,a nd age3 0-35 months. Consistent with our findings, the problem score did not differs ignificantly between the four ageg roups. Unlikeo ur results,t he agee ffect wass ignificant fort he competence score;h owever, pairwise comparisons revealed that only the youngest group of childrens cored significantly lower than the other three groups, which did not differ from each other (Briggs-Gowan &C arter, 2002) . We probably did not observe an effect of ageo nt he competences core since we did not test children as young as 12-17 months. In general,t he significant correlations with aged emonstrated that children's performance on the tests improved with age, hencet he test scores were meaningful developmentally.
Discriminatorypower Table 3p resentst he descriptive statistics from each test fort he data from the main cohortofSUMMIT children. We were able to obtain completedata from all 487 children fort he Sentence Complexity Scale only.F or the other tests, missing data represents cases wherethe child refusedtoperform or complete the test or the parent was not able to answer all test items. Also excluded was one negativev isual searchs core (the calculation hits minus false alarms resulted in anegative score). In general, scores were well distributed and means were slightly above the centre of the possible rangeo f scores. These results demonstrate that the tests were able to distinguish between children with differing abilities.
Convergent and discriminant validity
Multiple regression models Typically,w hen assessments of cognitive or language development are constructed in developed countries, theya re validateda gainst existing standardized tests or with groups of childrenwho have been diagnosed with alearning disability.Asnosuch tests or diagnoses exist in Lombok, we assessed our instrument'sconvergent validity against maternal factors known to affect cognitive, language,and socio-emotional development (education and depression).
Maternal education has been found to predict children'sc ognitive and socioemotional functioninboth developed (Dollaghan et al.,1999; Duncan,Brooks-Gunn, & Klebunov,1 994) and developing countries (Khandke, Pollitt, &G orman, 1997) . Therefore, we expected to find astrong relationship betweenmaternal educationand all child development scores. Maternal depression is expected to be strongly related to socio-emotional outcomes (Caplan, Cogill, &Alexandra, 1989; Murray et al.,1999) and may also predict motor,l anguage,a nd cognitives cores (Cummings &D avies, 1994; NICHD Early ChildCare ResearchNetwork, 1999; Petterson &Albers, 2001) .Maternal education wasq uantified as the number of yearso fc ompleted formal education and depression was measured by an adaptation of the Centre forE pidemiological Studies Depression Scale (Radloff, 1977) ,w hich was administeredt ot he mother at the time of child testing. Maternal age, on the otherh and, is unlikelyt ob er elatedt oc hildren's developmental levels. Although childreno ft eenagep arentsh ave been shownt o score poorly on cognitive and socio-emotional tests (Roosa, Fitzgerald, &C arlson, 1982) ,e vidence suggests that this is due to social factors ( Geronimus,K orenman, & Hillemeier,1994) ,which may not apply in developing countries. Agewas the mother's reporteda ge in years.
The results of the multiple regression models with maternal education, depression, and agep redicting each developmental test score are reported in Table 4 . These analyses excluded 175 participants forw homa ny of the 3i ndependent variables was not known. As expected,m aternal education predicted everyc hild development score,t hough the regression coefficient fort he visual searcha veraget ime per correct item was only approaching significance ( p ¼ : 069). 4 Maternal depression significantly predicted the socio-emotional problem and competence scores, as well as the picture vocabularyscore. Also as expected, maternal agewas unrelated to most scores; socio-emotional competence was the only scores ignificantlyp redicted by the mother's age. The demonstrationo ft he expected patterno fr elationshipsb etween these variables and the test scores provides evidencet hat the tests reflected the constructs theyw ere intended to measure.
Validity of the Sentence Complexity Scale
We also performed an additional evaluation of the validityo ft he Sentence Complexity Scale. Although parent reportq uestionnaires have been found to accurately reflect children'sa bilities (Fenson et al.,1 994), even in developing country settings (Alcock, Rimba, Abubakar,&Holding, 2005) , it was important to ensure that this was true fort he expressive language measure we developed. Two hourso fs pontaneous speech from 14 of the children in the main cohortw as recorded and transcribed using the Child LanguageD ataE xchangeS ystem (CHILDES) transcriptionm ethod (MacWhinney,2 006).T en per cento fe ach transcript was retranscribed by as econd transcriber and compared to the original transcription for validation. Teno ft he transcripts were found to be valid (agreement . 80% ). Each child'sm ean number of words per utterance was calculated (excluding singing and nonsensew ords). The correlation between ac hild'sm ean words per utterance and score on the Sentence Complexity Scale was computed. Thisc orrelation was significant ( r ð 8 Þ¼: 759, p ¼ : 011), validating this parent-reportm easure as an accurate reflection of ac hild'se xpressive language ability. 
Discussion
In this paper,w eh ave presented several principles fort he selection, adaptation, and evaluation of child development assessment tests forn utrition interventions in developing countries. First, tests assessing specific rather than global abilities should be selected (Connolly &Kvalsvig, 1993; Horowitz, 1989; Hughes &Bryan, 2003) . Second, tests should be adapted with the goal of assessing the same underlying ability as the originalt est in locally appropriate ways. To accomplish this, test instructions and procedures must be adaptedtoensure that theyelicit the target behaviour and test items and materials should be appropriate fort he target population. Third, the adapted tests should be evaluated forp sychometric properties that demonstrate their reliability, validity, and usefulness. Following these principles in the assessment of the developmental outcomes of SUMMIT resulted in ab atteryo ft ests that were appropriate forc hildren in Lombok, demonstratedg ood psychometric properties, and showed the expected patterno f relationships with maternal education, depression, and age. The confirmation of the expected pattern of relationshipsb etween these variables, together with the establishment of the discriminatoryp ower,d evelopmental sensitivity,t est-retest reliability,i nter-rater agreement, and internal consistency of the tests, validated the adapted tests as informative measures to assess the effectso fm aternal multiple micronutrient supplementation on children'sdevelopment in Lombok.
One important aspect of this study was the evaluation of multiple measures that provideconverging evidence fort he validity and reliability of the tests. Evaluation of a single measure alone usually cannotdetermine whether or not atest will provide useful information.However,ifmultiple measures are evaluated, these measures can provide a body of evidence supporting the validityand reliability of agiven test. Even if one or two measures areslightly lower than expected,the other measures may indicate that the test is likely to result in meaningful information concerning children'sdevelopmental levels.
We have also demonstrated the validityo ft wo parent-reportm easures to assess children'sd evelopment, specifically their expressive sentencec omplexity and socioemotional development. Given children'sr elativelys horta ttention span, test sessions usually must be limited to an hour or less, depending on the child'sage.Inatest battery assessing specific rather than global abilities, time constraints might prevent assessing all of the abilities one wishes to evaluate in one test session. Under these circumstances, parent-reportm easures, if carefully adapted and systematically administered,c an provideu sefula dditional information concerning the child'sd evelopmental level in certain domains.
Thesystematicadministrationofthe tests, notonlyfor parent-reportmeasuresbut also forc hild assessments, is anotheri mportant aspect of valida nd accurate data collection. Uniformity in test administration wasaccomplishedinthe presentstudy in severalways. Standardized instructionsw erep rinted on thet esting formsa nd thet esting manuals stipulated detailed directions fort esta dministration ands coring.H owever,d etailed documentationalone does notguarantee uniform data collection;the testers must also be trainedt of ollowt he proscribed procedures.I nt he presents tudy,t hist rainingw as accomplished throughfi elde valuations,w hich consistedo fadetailed list of the instructionsand procedures required foreachtest. Evaluation andfeedbackwere repeated untilthe testers administered allofthe testswithout error. Supervisoryvisitsweremade throughout thedatacollectionperiodtoensurethatthe testerscontinued to administer the testsc orrectly.A long with rigorousm ethodology, this rigoroust rainingw as another important aspect of thepresent studythatproducedaccurateand validdata.
The results presented here suggest several directions forf uturer esearch. First, the specific changes that were necessary to adapt the tests foruse in Lombok reveal crosscultural differences that may prove to be theoretically interesting. For example, the high rates of success on the original version of the Snack Delay Test (in which the snack was placed under aclear plastic cup)demonstrated ahigh level of inhibition abilityamong children in Lombok.Only when the snack wasplaced in the child'shand was the task sufficientlydifficultthat some children failed. Thishigh level of performance may be due to the emphasis that Indonesian parents place on compliance, even in young children. As imilar patterno fh igh performance on executive function tasks has been found in preschool children in China (Sabbagh, Xu, Carlson, Moses, &Lee, 2006) and Korea (Oh &L ewis, 2008) , with enhanced performance in the latter study particularly fort asks involving self-control. Further researchc omparing Britisha nd Indonesian children on the Snack Delay Test and other executive function tests may elucidate the influenceof culturea nd/orp arenting styles on the development of inhibition ability, as well as possibly other executive functions.
Second,the principlespresented here fortestselection,adaptation, andevaluationmay be useful to evaluate thed evelopmentalo utcomeso ff uturen utrition interventionsi n developing countrieswhere standard developmentaltests do notexist.Althoughthe test batteryd escribed here focusedo npreschool development, theseprinciplesc an also be applied to studies assessing motor,c ognitive, and socio-emotional development throughout theschoolyears andintoadulthood. Theseprinciplesmay also be appliedto othertypes of interventionsaimed at improvingchild development, such as reducing the prevalence of malaria infection, exposure to heavym etals, exposure to violence,a nd maternaldepression (Walker et al. ,2007) .These principlescan also be appliedtoeducation interventions, forexample,interventions aimedatimproving earlychildhood development throughp arentale ducation or improvingt he qualityo fa cademici nstruction children receivei ns chool. The study reportedh ered emonstrates theu sefulness of the principlespresented to developamaximally informativeset of test scores that accurately reflect children's abilitiesindifferent contexts.Using this approach in future studieswill help advancet owards theg oalo fd etermining whichi nterventions most effectively improvedevelopmentaland educational outcomes forchildrenindeveloping countries.
